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^ (54) Title: METHODS FOR ASSAY AND DETECTION ON A MICROARRAY 

If) (57) Abstract: Methods are provided for assay and detection on a microarray. The method of die present invention comprises 
J/) incubating a mixture including: i) a first component comprising a cDNA reagent obtained from mRNA of a target sample, the cDNA 

having a captuie sequence, and ii) a second component comprising a dendrimer having at least one first arm containing a label 
\^ capable of emitting a detectable signal and at least one second arm having a second nucleotide sequence complementary to the 
^ capture sequence, at a first tempmtuie and for a time sulBcient to induce the first component to bind to the second component and 
2 form a prehybridized cDNA-dendrimer complex; contacting a microiarray having thereon a ploiaby of features each containing a 

particular first nucleotide sequence with tlie mixture; and incubating the microarray and the prehybridized cDNA-dendrimer complex 
O at a second temperature and for a time sufficient to induce prehybridized cDNA-dendrimer complex to bind to the first nucleotide 
^ sequence, wherein such binding results an the feature emitting the detectable signal whereby a hybridization pattern is generated on 
^ the microarray. 
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METHODS FOR ASSAY AND DETECTION ON A MICROARRAY 

Related Applications 
The present application .claims the priority of U.S. Provisional Application Serial 
No. 60/187.681 filed March 8, 2000 and the U.S. Nonprovislonal Application entitled 
"Methods for Assay and Detection on a MIcroanay" filed March 8. 2001 in the name 
of Robert C. Getts (Serial Number to be assigned), both of which are fully incorporated 
herein by reference. 

Field of the Invention 
The present Invention relates to DNA microanays, more particularly to methods 
for detection and assay of a nucleic add sequence sample by hybridization on a 
microanray. 

Background of the Invention 
Changes In gene expression patterns or in a DNA sequence can have profound 
effects on biological functions. Such variations in gene expression may result in altered 
ph^iologic and pathologic processes. Developing DNA technologies are providing 
rapid and cost-effective methods for Identifying gene expression and genetic variations 
on a large-scale level. One high-speed technology useful for DNA analysis is the DNA 
microanray which includes a plurality of distinct DNA or gene probes (i.e., 
polynucleotides) distributed spatially, and stably associated with a substantially planar 
substrate such as a plate of glass, silicon or nylon membrane. Such microanrays have 
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been developed and are used in a range of applications such as analyzing a sanfiple for 
the presence of gene variations or mutations (l.e. genotyping), or for patterns of gene 
expression, while performing the equivalent of thousands of Individual '^t-tube" 
experiments candied out in a short period of time. 

All microanrays operate on a similar principle: a substantially planar substrate such 
as a glass coverslide is coated virith a grid of tiny spots of about 20 to 100 miaons in 
diameter; each spot or feature contains millions of copies of a short sequence of DNA or 
nucleotides; and a computer keeps track of each sequence at a predetermined feature. 
To make an analysis, messenger RNA (mRNA) is extracted from a sample of cells. Using 
enzymes, millions of copies of the mRNA molecules are reproduced. Copies of 
complementary DNA (cDNA) are generated from the mRNA through reverse transcription. 
The cDNA copies are tagged with a marker or label such as a fluorescent marker and 
broken up into short fragments. The tagged fragments are washed over the microarray 
and left overn^ht, to allow the tagged fragments to hybridize wrth the DNA attached to the 
microanay. 

After hybrid'mtlon, the features on the microarray that have paired with the 
fluorescent cDNA emit a fluorescent signal that can be viewed with a mk^roscope or 
detected by a computer. In this manner, one can learn which sequences on the microarray 
match the cDNA of the test sample. Although there are occasional mismatches, the 
employment of millions of probes in each spot or feature ensure fluorescence is detected 
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only if the complementary cDNA is present. The more intense the fluorescent signal, (i.e. 
the brighter the spot) the more matching cDNA was present in the ceil. 

One area in which the mlcroanrays are useful is in gene expression analysis, in 
gene expression analysis utilizing microarrays, an anray of "probe" oligonucleoticles Is 
contacted with a nucleic acid sample of interest, i.e. target, such as cDNA generated from 
mRNA extracted from a particular tissue type. Contact is earned out under hybridization 
conditions and unbound nucleic acid is then removed. The resultant pattern of hybridized 
nucleic add provides infonnation regarding the genetic profile of the sample tested. 
Genetic profile is meant to include infonnation regarding the types of nucleic adds present 
in the sample, (e.g. the types of genes to which they are complementary, as weii as the 
copy number of each particular nucleic acid In the sample). Gene expression analysis may 
be use in a variety of applications, including, for example, the identification of novel 
expression of genes, the correlation of gene expression to a particular phenotype, 
screening for disease predisposition, and identifying the effect of a particular agent on 
cellular gene expression, such as in toxicity testing. 

A prior art example of a method of preparing a nucleic acid sequence sample for 
detecting and assaying a gene expression sequence is shown in Figure 1 and described 
as follows. Using known methods, a plurality of gene probes are afTixed or printed on the 
surface of a microan-ay such as by robotic or laser lithographic processes. The 
complementary DNA (cDNA) is prepared from a mRNA sample comprised of total RIMA or 
poly(A)^ RNA, along with a large quantity of nucleotide bases (deoxynudeotide 
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triphosphate, DNTP), enzymes and reverse transcription (RT) primer oligonucleotides with 
capture sequence portions appended thereto. The newly fomied cDNA is then isolated 
from the mRNA sample and precipitated with ethanol. The cDNA is then suspended in a 
cDNA hybridization buffer for hybridizing the cDNA to the microanray with the 
complementary gene probes and Incubated overnight Following hybridization of the cDN A 
to the prepared microanray, the microarray is washed to remove any excess RT primer 
oligonucleotide. A mixture containing labeled dendritic nucleic acid molecules is then 
prepared. 

Dendritic nucleic acid molecules, or dendrimers are complex, highly branched 
molecules, comprised of a plurality of interconnected natural or synthetic monomeric 
subunits of double-stranded DNA. Dendrimers are described in greater detail in Nilsen et 
al., Dendritic Nucleic Acid Structures, J. Theor. Biol., 187, 273-284 (1997), the entire 
content of which is incorporated herein by reference. 

Dendrimers comprise two types of single-stranded hybridization ""arms" on the 
surface which are used to attach two key ftinctionalrties. A single dendrimer molecule may 
have at least one hundred amis of each type on the surface. One type of ami is used for 
attachment of a specific targeting molecule to establish target specificity and the other is 
used for attachment of a label or mari<er. The molecules that determine the target and 
labeling specificities of the dendrimer are attached either as oligonucleotides or as 
oligonucleotide conjugates. Using simple DMA labeling, hybridization, and ligation 
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reactions, a dendrimer molecule may be configured to act as a highly labeled, target 
specific probe. 

The prepared mixture is formulated in the presence of a suitable buffer to yield a 
dendrimer hybridization mixture containing dendrimers with fluorescent labels attached to 
one type of "arm", and with oligonucleotides attached to another type of "arm", 
complementary to the capture sequences of the RT primer bound cDNA fragments. The 
dendrimer hybridization mixture containing the dendrimer molecules, is then added to the 
microan'ay and incubated overnight to generate a hybridization pattern. Subsequenttothe 
dendrimer-to-cDNA hybridization, the microan^y is washed to purge any excess 
unhybridized dendrimers. The microarray Is scanned to detect the signal generated by the 
label to enable gene expression analysis of the hybridization pattern. One of the 
drawbacks using this method includes the undue time and labor required to prepare the 
sample and to perform the assay including the hybridization and washing steps. 

It would be highly desirable to significantly reduce tiie amount of time and labor 
expended in preparation of the sample and performing the assay without sacrificing 
desirable attributes such as sensitivity, low background "noise", and minimal "Yalse 
positives". It would be a significant advance in the art of gene expression detection 
microarrays to further provide a method which significantly reduces the complexity and the 
steps needed to prepare gene samples and the assay for gene expression analysis, and 
which can be canied out using conventional laboratory reagents, equipment and 
techniques. 

5 
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Summary of the Invention 

The present invention relates generally to methods for assay and detection on a 
microanay. The present invention provides significant reduction in the time and labor 
required to produce a hybridization pattem for obtaining infonnation about the genetic 
profile of the target nucleic acid sample, and the source from which the sample was 
obtained. The present invention further provides a microarray with excellent sensitivity and 
low background "noise" and minimal "false positives". The method of the present invention 
may be used in a range of applications. 

In one aspect of the present invention, a method is provided for assay and detection 
on a microanray which comprises the steps of: 

1 } contacting a microarray having ttiereon a plurality of features each containing 
a first particular first nucleotide sequence with a mixture containing: 

a) a first component comprising a cDNA reagent obtained fifiom mRNA of a 
target sample, said cDNA having a capture sequence; and 

b) a second component comprising a dendrimer having at least one first arm 
containing a label capable of emitting a detectable signal and at least one second 
arm having a second nucleotide sequence complementary to the capture sequence; 
2) mixing the first and second components at a temperature and for a time 

suffident to enable the first component to bind to the second component; and 
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3) incubating this mixture with said microarray to enable the first nucleotide 
sequence to bind to the first component, wherein such binding results In the feature 
emitting the detectable signal. 

In another aspect of the invention, there is provided a method for assay and 
detection on a microarray which comprises the steps of: 

1) incubating a mixture including: 

i) a first component comprising a cDNA reagent obtained from mRNA 
of a target sample, said cDNA having a capture sequence; and 

ii) a second component comprising a dendrimer having at least one first 
anrn containing a label capable of emitting a detectable signal and at least one 
second arm having a second nucleotide sequence complementary to this capture 
sequence, 

at a first temperature and for a time sufficient to induce the first component to bind to the 
second component and form a prehybridized cDNA-dendrimer comply; 

2) contacting a microanray having thereon a pluralityof features each containing 
a particular first nucleotide sequence with said mixture; and 

3) incubating the microarray and the prehybridized cDNA-dendrimer complex 
at a second temperature and for a time sufficient to induce the prehybridized cDNA- 
dendrimer complex to bind to the first nucleotide sequence, wherein such binding results 
in the feature emitting the detectable signal whereby a hybridization pattern is generated 
on the microarray. 
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in another aspect of the present invention, a method is provided for assay and 
detection on a microarray which comprises the steps of: 

1 ) contacting a microarray having thereon a plurality of features each containing 
a first particular first nucleotide sequence with a mixture containing: 

a) a first component comprising a cDNA reagent ot)t^ned from mRNA of a 
target sample, said cDNA having a capture sequence; and 

b) a second component comprising a dendrimer having at least onefirst ami 
containing a label capable of emitQng a detectable signal and at least one second 
ann havingasecond nucleotide sequence complementaryto the capture sequence; 

2) mixing the first and second components at a temperature and for a time 
sufficient to enable the first component to bind to the second component; and 

3) incubating the microarray and the prehybridized cDNA-dendrimer complex 
at a second temperature and for a time sufficient to induce the prehybridized cDNA- 
dendrimer complex to bind to the first nucleotide sequence, wherein such binding results 
in the feature emitting the detectable signal whereby a hybridization pattern is generated 
on the microanay. 

In another aspect of the invention, there is provided a method for assay and 
detection on a microarray which comprises the steps of: 
1) incul)ating a mixture including: 

0 a first component comprising a cDNA reagent obtained from mRlsiA 
of a target sample, said cDIMA having a capture sequence; and 
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ii) a second component comprising a dendrimer having at least one first 
ami containing a label capable of emitting a detectable signal and at least one 
second ami having a second nucleotide sequence complementary to the capture 
sequence, 

at a first tempeiature and for a time sufficient to induce the first component to bind to the 
second component and form a prehybridized cDNA-dendrimer complex; 

2) mixing the first and second components at a temperature and for a time 
sufficient to enable the first component to bind to the second component; and 

3) incubating the microan^y and the prehybridized cDNA-dendrimer complex 
at a second temperature and for a time sufficient to induce the prehybridized cDNA- 
dendrimer complex to bind to the first nucleotide sequence, wherein such binding results 
in the feature emitting the det^table signal whereby a hybridization pattern is generated 
on the microanay. 

In additional embodiments of the invention, such cDNA is purified using k spin 
column (e.g. such as that of Figure 4 or 5), or using a hybridization chamber or station. 

Brief Description of the Drawings 

The following drawings in which like reference characters indicate lil<e parts are 
illustrative of embodiments of the invention and are not to be construed as limiting the 
invention as encompassed by the claims fonming part of the application. 



9 



wo 01/66555 



PCT/USOl/07477 



Figure 1 is a schematic representation of prior art steps for preparing a microarray 
for detection and assay of a nucleic acid sequence sample; 

Figure 2 is a schematic representation of a method for preparing a microanay for 
detection and assay of a nucleic add sequence sample in one embodiment of the present 
invention; 

Figure 3 is a schematic representation of a method for preparing a microarray for 
detection and assay of a nucleic add sequence sample in another embodiment of tiie 
present invention; and 

Figure 4 is a cross sectional view of a spin column assembly used in accordance 
with the method represented in Figure 3. 

Figure 5 is a cross sectional view of an additional embodiment of a spin column for 
use in accordance with the present invention. 

IJetailed Description of the Invention 

The present invention is generally directed to a method for preparing a nucleic acid 
sequence sample for detection and assay on a microanay in a manner that provides a 
significant reduction In time and effort typically required in assaying a sample on a 
microanay. The method of the present invention proyides the advantage of preparing the 
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nucleic acid sequence sample in a shorter period of time, using fewer steps while providing 
the sensitivity, low background "noise", and minimal "false positives" required for laboratory 
and clinical use. The cost effective and efficient manner by which the nucleic acid 
sequence samples are prepared and by which the method of the present invention can be 
implemented using conventional laboratory techniques, equipment and reagents, makes 
them especially suitable for research and clinical use. 

In the methods of the present invention, an anay of DMA or gene probes fixed or 
stably associated with the surface of a substantially planar substrate is contacted with a 
sample of target nucleic acids under hybridization conditions sufficient to produce a 
hybridization pattem of complementary probe/target complexes. A variety of different 
microarrays which may be used, are known in the art The hybridized samples of nucleic 
acids are then targeted by labeled dendrimer probes and hybridized to produce a 
detectable signal conresponding to a particular hybridization pattern. The individual labeled 
dendrimer probes hybridized to the target nucleic acids are all capable of generating the 
same signal of known intensity. Thus, each positive signal in the microarray can be 
"counted" in order to obtain quantitative infomiation about the genetic profile of the target 
nucleic acid sample. 

Before the present invention is further described, it is to be understood that the 
invention is not limited to the particular embodiments of the invention desait>ed below, as 
variations of the particular embodiments may be made and still fall within the scope of the 
appended claims. It is also to be understood that the terminology employed is for the 
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purpose of describing particular embodiments, and is not intended to be iimiting. Instead, 
the scope of the present invention will be established by the appended dalms. 

The DMA or gene probes of the microarrays which are capable of sequence specific 
hybridization with target nucleic acid may be polynucleotides or hybridizing analogues or 
mimetics thereof, including, but not limited to, nucleic adds in whldi the phosphodiester 
linkage has been replaced with a substitute linl<age group, such as phophorothioate, 
methylimino, methylphosphonate, phosphoramidate, guanidine and the like, nucleic acids 
in which the ribose subunit has been substituted, e.g. hexose phosphodiester; peptide 
nucleic adds, and the like. The length of the probes will generally range from 1 0 to 1 000 
nucleotides. In some embodiments of the invention, the probes will be oligonudeotides 
having from 15 to 150 nudeotides and more usually from 15 to 100 nudeotides. In other 
embodimerits the probes will be longer, usually ranging In length from 150 to 1000 
nucleotides, where the polynucleotide probes may be single or double stranded, usually 
single stranded, and may be PCR fragmente amplified from cDNA or cloned genes. The 
DNA or gene probes on the surface of the substrates will preferably conrespond to, but are 
not limited to, known genes of the physiological source being analyzed and be positioned 
on the microarray at a known location so that positive hybridization events may be 
correlated to expression of a particular gene in the physiological source from which the 
target nucleic acid sample is derived. Because of the manner in which the target nucleic 
acid sample is generated, as described below, the microanays of gene probes will 
generally have sequences that are complementary to the non-template strands of the gene 
to which they correspond. 

12 
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The substrates with which the gene probes are stably associated may be fabricated 
from a variety of materials, including plastic, ceramic, metal, gel, membrane, glass, and the 
like. The microarrays may be produced according to any convenient and conventional 
methodology, such as prefomilng the gene probes and then stably associating them with 
the surface of the support or growing the gene probes directly on the support A number 
of different microanay configurations and methods for their production are known to those 
of skill in the art, one of which is described In Science. 283, 83, 1999, the content cyf wh ich 
is incorporated herein by reference. 

The tenn "labeP is used herein to refer to agents that are capable of providing a 
detectable signal, either directly or through interaction with one or more additional 
members of a signal producing system. Labels that are directly detectable and may find 
use in the present invention include fluorescent labels such as fluorescein, rhodamine, 
BODIPY, cyanine dyes (e.g. from Amersham Pharmacia), Aiexa dyes (e.g. from Molecular 
Probes, Inc.) fluorescent dye phosphoramidites, and the like; and radioactive isotopes, 
such as ^ S, ^ P, ^ H. etc.; and the like. Examples of labels that provide a detectable 
signal through interaction with one or more additional members of a signal producing 
system indude capture moieties that specifically bind to complementary binding pair 
members, where the complementary binding pair members comprise a directly detectable 
label moiety, such as a fluorescent moiety as described above. The label is one which 
preferably does not provide a variable signal, but instead provides a constant and 
reprodudble signal over a given period of time. 
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The present Invention further utilizes dendritic nucleicadd molecules, ordendrimers 
as label probe molecules. Dendrlmers are complex, highly branched molecules, comprised 
of a plurality of interconnected natural or synthetic monomeric subunits of double-stranded 
DNA. Dendiimers are described in Nilsen et al., Dendritic Nucleic Add Structures, jL 
Theor. Biol.. 187, 273-284 (1997), the entire content of which is Incoiporated herein by 
reference. Further infonnation regarding the structure and ptx)duction of dendrlmers is 
disdosed in U.S. Pat. Nos. 5,175,270, 5,484,904, and 5,487,973, the contents of each are 
incorporated herein by reference. 

Dendrimers comprise two types of single-stranded hybridization "amns" on the 
surface whidi are used to attach two key functionalities. A single dendrlmer molecule may 
have at least one hundred arms of each type. One type of ami is used for attachment to 
targeting molecules (e.g. a capture sequence) to establish target specificity and the other 
is used for attachment of a label or marker. The molecules tiiat detennine the target and 
labeling spedfidtles of the dendrlmer are attached e'rther as oligonudeotides or as 
oligonucleotide conjugates. Using simple DNA labeling, hybridization, and ligation 
reactions, the dendrlmer probes may be configured to ad as a highly labeled, target 
spedfic reagent 

To prepare fluorescent labeled dendrimer, the complementary sequences to the 
capture sequence on a Cap01 RT primer and a Cap02 RT primer (botii also from Oligos. 
etc.) are ligated, separately, to the purified dendritic core material as prepared by the 
previously described methods (see Nilson etal., supra, and U.S. Pat. Nos. '270, '904, and 
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*973, supra.). In the preferred embodiments, the Cap01 RT primer is a Cy3® RT primer 
and the Cap02 RT primer Is a Cy5® RT primer; however, the invention is not limited to 
those two preferred embodiments. Thirty nucleotide long oligonucleotides complementary 
to the outer amis of a four-layer dendrimer having a 5' Cy3® or CyS® (In the preferred 
embodiments) or CapOl and Cap02 more generally (the Cy3®, Cy5®, Cap01 , and Cap02 
being available from Oligos etc., Inc., Wllsonville, OR), are then synthesized. The Cy3(g) 
and CyS® oligonucleotides are then hybridized and covalently cross-linked to the outer 
surface of the corresponding dendrimers, respectively. Excess capture and fluorescent 
labeled oligonucleotides are then removed through techniques such as size exclusion 
chromatography. 

The concentration of dendrimer is detemnined by measuring the optical density of 
the purified material at 260 nm on a UVA/is spectrometer. The fluorescence is measured 
at optimal signal/noise wavelengths using a fluorometer (FiuoroMax, SPEX Industries). In 
the prefenred embodiment, using CyS and CyS, CyS is excitable at 542 nm and the 
emission measured at 570 nm; Cy5 is excitable at 641 nm and the emission at 676 nm. 

In the present invention, the use of dendrimer probes significantly reduces the 
amount of sample RNA needed to generate an assay while increasing sensitivity due to 
the dendrimers' superior signal ampl'ification capability. By reducing the amount of RNA 
required for an assay, the amount of RT primer may be likewise reduced for improved 
signal generation as discussed below. The reduced RT primer amount also reduces the 
number of v^shes needed during assay preparation. The present invention also reduces 
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the hybridization process into a single step for increased sensitivity and ease of use, and 
significant reduction in processing time. The hybridization speed and efficiency is greatly 
enhanced by first hybridizing the cDNA to the dendrimer probes before hybridizing the 
cDNA to the mlcroarray. This single-step hybridization process also reduces the number 
of hybridization buffers to one by eliminating the use of a cDNA hybridization buffer (50% 
fonnamide, 10% dextran sulfate, 1X Denhardt's solution, 0.2% N-Lauro^ sarcosine, 250 
pg/mL sheared salmon spemi DNA, 2X SSC, 20 mM Tris pH 7.5, and double distilled 
water). 

The target nucleic acid will generally be DNA that has been reverse transcnl)ed from 
RNA derived from a naturally occurring source, where the RNA may be selected from the 
group consisting of total RNA, poiy(ArmRNA, amplified RNA and the like. The initial 
mRNA source may be present in a variety of different samples, where the sample will 
typically be derived from a physiological source. The physiological source may be derived 
from a variety of eukaryotic sources, with physiological sources of interest including 
sources derived from single celled organisms such as yeast and multicellular organisms, 
including plants and animals, particulariy mammals, where the physiological sources from 
multicellular organisms may be derived from particular organs or tissues ofthemultioellular 
organism, or from isolated cells derived therefrom. In obtaining the sample RNAs to be 
analyzed from the physiological source from which it is derived, the physiological source 
may be subjected to a number of different processing steps, where such known processing 
steps may include tissue homogenation, cell isolation and cytoplasmic extraction, nucleic 
acid extraction and the like. Methods of isolating RNA from cells, tissues, organs or whole 
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organisms are known to those of ordinary skill in the art and are described, for example, 
in Maniafis et al., Molecular Cloning: A Laboratory Manual, 2"^ ed., Cold Spring Harbor 
Laboratory Press, 1 989, and in Ausubel et a!., Current Protocols in Molecular Biology, John 
Wiley & Sons, Inc., 1998, the content of each are incorporated herein by reference. 

The sample mRNA is reverse transcribed into a target nucleic acid in the form of a 
cDNA, by hybridizing an oligo(dT) primer, or RT primer, to the mRNA under conditions 
sufficient for enzymatic extension of the hybridized primer. The primer will be sufficiently 
long to provide for efficient hybridization to the mRNA tail, where the region will typically 
range in length from 10 to 25 nucleotides, usually 10 to 20 nucleotides, and more usually 
from 12 to 1 8 nucleotides. 

Recog nlzing that applications typically require the use of sequence specific primers, 
the standard primers as used in the present invention further include ''capture sequence" 
nucleotide portions. The preferred capture sequences referred to herein are CapOl RT 
primer capture sequence (Oligos etc., Inc, Wilsonville, OR) or Cap 02 primer capture 
sequence (Oligos etc., Inc, Wilsonville, OR) and furtiier preferably are Cy3® RT primer 
capture sequence (Oligos etc., Inc, Wilsonville, OR) or Cy5® RT primer capture sequence 
(Oligos etc., Inc, Wilsonville, OR), and are represented below. 
Cap 01 RT primer capture sequence: 

5' - ggC CTC ACT gCg CgT CTT Ctg TCC CgC C - 3'; and 
Cap02 RT primer capture sequence: 

5' - OCT gTT gCT CTA TTT CCC gTg Ccg CTC Cgg T - 3'. 
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For custom primers, the above capture sequences should be attadied to the 5' end 
of the corresporKling custom oligonucleotide primer. In this manner, the custcxn primer 
replaces the stendard RT primer. Since the present invention is devised for use with the 
standard RT primer, some modifications may be required when substituting a custom 
primer. Such modifications are Icnown to those of ordinary sicill in the art and may include 
adjusting the amount and mixture of primers based on the amount and type of RNA sample 
used. The primer canies a capture sec^ence comprised of a specific sequence of 
nucleotides, as described above. The capture sequence is complementary to the 
oligonucleotides attached to the amis of dendrimer probes which further cany at least one 
label. Such complementary oligonucleotides may be acquired from any outside vendor 
and may also be acquired as labeled moieties. The label may be attached to one or more 
of the oligonucleotides attached to the amis of the dendrimer probe, either directly or 
through a linidng group, as is known in the art. In the preferred embodiment, the dendrimer 
probes are labeled by hybridizing and cross-linidng Cy3® or Cy5® labeled oligonucleotides 
Cm the preferred embodiment) to the dendrimer amns. The Cy3® or Cy5® labeled 
dendrimers are complementary to the CapOl or Cap02 RT primer capture sequences, 
respectively. 

in generating the target nucleic acid sample, the primer is contacted with the mRNA 
in the presence of a reverse transcriptase enzyme, and other, reagents necessary for 
primer extension under conditions sufficientfor inducing first strand cDNAsynthesis, where 
additional reagents include: dIMTPs; buffi^'ng agents, e.g. Tris.CI; cationic sources, both 
monovalent and divalent, e.g. KCI, MgCiz ; RIMAase inhibitor and sulfhydril reagents, e.g. 
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dithtothreitol; and the like. A variety of enzymes, usually DNA polymerases, possessing 
reverse transcriptase acuity can be used for the first strand cDNA synthesis step. 
Examples of suitable DNA polymerases include the DNA polymerases derived from 
organisms selected from the group consisting of a thermophilic bacteria and 
archaebacteria, retroviruses, yeasts, Neurosporas, Drosophilas, primates and rodents. 
Suitable DNA polymerases possessing reverse transcriptase activity may be isolated from 
an organism, obtained commercially or obtained from cells which express high levels of 
cloned genes encoding the polymerases by methods knoyAwi to those of skill In the art, 
vA\ere the particular manner of obtaining the polymerase will be chos^ based primarily 
on factors such as convenience, cost, availability and the Iflce. The order in whidi the 
reagents are combined may be modified as desired. 

In one preferred embodiment, thecDNA synthesis protocol Involves combining from 
about 0.25 to 1 Mg of total RNA or from about 12.5 to 50 ng of poly(A)*mRNA, with about 
0.2 pmole of RT primer (0.2 pmole) and RNase free water for a final volume of about 10 
MLto yield RNA-RT primer mix. The RNA-RT primer mixture is then mixed and microftjged 
to collect the contents at the bottom of the microfuge tube. The RNA-RT primer mixture 
is then heated to 80" C for ten minutes and immediately transferred to ice. in a separate 
microfuge tube on ice, mix together about 4mL 5X RT buffer, 1 \iL dNTP mix, 4 pL RNase 
free water and 1 \xL of 200 Unit reverse transcriptase enzyme. Gently mix and microfuge 
briefly to collect the contents at the bottom of the microfuge tube to yield a reaction 
mixture. Mix the RNA-RT primer mixture with the reaction mixture and then incubate at 
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about 42''C for a period of time sufficient for formmg tiie first strand cDNA primer extension 
product, which usually takes about 2 hours. 

The mixture comprising the cDNA or target nucleic acid subsequent to fbimation, 
may be further purified to remove any excess RT primers which may still remain after 
completion of the reverse transcription process. The excess RT primer would bind to the 
dendrimer probes resulting in reduced signal strength and intensity and thus reduced 
assay sensitivity. Although this step is optional, the purification of the cDNA mixture tends 
to improve the signal strength In the microanay resulting in improved signal generation of 
the hybridization pattem. The amount of RT primer affecte the quality of the assay since 
excess RT primer can diminish signal strength and resolution. The excess RT primers may 
be removed from the cDNA mixhjre by any suiteble means including the use of a spin 
column assembly, QIAquIck® PGR Purification Kit (Qiagen, Valencia, CA), or a 
hybridization chamber or station, or so forth. Spin column assemblies are known devices 
used to separate one or more components from a mixture through centrifugal means. 

Preferably, the excess RT primers may be removed via a conventional spin column 
assembly shown in Figure 4, or In an alternate embodiment, using tiie spin column of 
Figure 5. The spin column media is composed of a size exclusion resin core which 
comprises a plurality of resin pores distributed therethrough. The lesin poies are 
sufficientiy large to capture the excess RT primer, and pennits cDNA to pass into tiie void 
volume. To remove e^o^ss RT primer, tiie <^NA containing mixture is placed into a 
holding tube at one end of the spin column where the spin column and mixture are 
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subjected to high centrifugal force for a period of time. The mixture diffuses through the 
column and exits at an opposite end into a collecting receptacle. The resulting eluate 
collected in the receptacle comprises the purified cDNA probe. 

In perfbmiing the methods of the present invention, a quantity of a labeled 
dendrimer probe is added to tiie purified cDNA probe eluate along with a hybridization 
buffer under temperature conditions which induces hybridization between the dendrimer 
probe and the target cDNA. In particular, the mixture is incubated at a first pre- 
hybridization temperature and for a sufficient time to allow tiie dendrimer probes to attach 
to the cDNA. The preferred range for the first pnehybridization temperature where a 
fomiamide-free hybridization buffer Is used, is from about 45 to eO'^C, and preferably at 55 
X. Where a fomiamide-contalning hybridization buffer is used, ttie preferred range of the 
pre-hybridization temperature is dependent upon tiie percent content of forniamide where 
tiie temperature is reduced by rc for each 2% forniamide present from tiie standard 
fomiamide-free buffer temperature range. The mixture is preferably incubated for about 
15 to 20 minutes to allow the cDNA to hybridize with tifie dendrimer probes to yield a pre- 
hybridization mix. 

The pre-hybridization mix Is then added to the microarray and incubated at a second 
hybridization temperature and for a sufficient time to allow the cDNA to bind to the 
microarray. The preferred range for tiie second hybridization temperature where a 
fbmiamide-free hybridization buffer is used, Is from about 42 to 60''C. Where a forniamide- 
containing hybridization buffer is used, tiie preferred range of the pre-hybrldization 
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temperature is dependent upon the percent content of formamide where the tenfiperature 
is reduced by 1 ""C for each 2% fbmiamlde present from the standard formamide^ee buffer 
temperature range. Preferably, the pre-hybridization mix and the microan^ay is incubated 
at the second temperature overnight in a humidified chamber. 

Under such initial conditions, the capture sequence of the cDNA is able to pre- 
hybridize with the complement attached to the dendrimer probe before the cDNA binds to 
the gene probe of the microarray. The target cDNA attached to the dendrimer probe, is 
then contacted with the microanray under conditions sufficient to permit hybridization of the 
target cDNA to the DMA or gene probe on the microarray. The resulting mbcture Is 
incubated overnight for complete hybridization. Suitable hybridization conditions are well 
known to those of skill in the art and reviewed in Maniatis et aL, supra, where conditbns 
may be modulated to achieve a desire specificity in hybridization. It is noted that any 
suitable hybridization buffers may be used in the present invention. In one preferred fomi, 
the hybridization buffer composition may comprise 0.25 M NaP04, 4.5% SDS, 1 mM EDTA, 
and 1X SSC. In another prefen^ed form, the hybridization buffer composition may comprise 
40% formamide, 4X SSC, and 1% SDS. 

Following the hybridization step, where unhybridized dendrimer probe^DNA 
complexes are capable of emitting a signal during the detection step, a washing step is 
employed where the unhybridized complexes are purged from the microanray, thus leaving 
behind a visible, discrete pattem of hybridized cDNA-dendrimer probes bound to the 
mbroanray. A variety of wash solutions and protocols for their use are known to those of 
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sidll in the art and may be used. The specific wash conditions employed will necessarily 
depend on the specific nature of the signal producing system that is employed, and will be 
known to those of skill in the art familiar with the particular signal producing system 
employed. 

The resultant hybridization pattem of labeled cDNAfragmente may be visualized or 
detected in a variety of ways, with the particular manner of detection being <^osen based 
on the particular label of the cDNA, where representative detection means include 
scintillation counting, autoradiography, fluorescence measurement, cabrimetric 
measurement, light emission measurement and the like. 

Following hybridization and any washing step(s) and/or subsequent treatments, as 
described above, tiie resultant hybridization pattem Is detected. In detecting or visualizing 
the hybridization pattem, Uie intensity or signal value of the label wl\ be not only be 
detected but quantified, by which is meant tfiat the signal from each spot of tiie 
hybridization will be measured. 

Following detection or visualization, tiie hybridization pattem can be used to 
determine quantitative and qualitative infomnation about the genetic profile of the labeled 
taiget nucleic acid sample that was contected with the microarray to generate the 
hybridization pattern, as well as tiie physiological source from which tiie labeled target 
nucleic acid sample was derived. From this date, one can also derive infomiation about 
the physiological ^urce from which the target nucleic acid sample was derived, such as 
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the types of genes expressed in the tissue or cell which is the physiological source, as well 
as the levels of expression of each gene, particularly In quantitative terms. Where one 
uses the subject nf^ethods in comparing target nudeic acids from two or more physiological 
sources, the hybridization patterns may be compared to identify differences between the 
patterns. Where microanrays in which each of the different probes conesponds to a known 
gene are employed, any discrepancies can be related to a differential expression of a 
particular gene in the physiological sources being compared. Thus, the subject methods 
find use in differential gene expression assays, where one may use the subject methods 
in the differential expression analysis of: diseased and normal tissue, e.g. neoplastic and 
normal tissue, different tissue .or subtissue types; and the Hice. 

The foregoing discussion discloses and describes merely exemptety embodiments 
of the present invention. One skilled in the art will readily recognize from such discussion, 
and from the accompanying drawings, claims, and examples, that various changes, 
modifications and variations can be made therein without departing from the spirit and 
scope of the invention as defined in the following claims. 

EXAMPLE 1 

With reference to Figure 2, a method for detection and assay on a microarray is 
described below. 
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Microarray Preparation 

A microarray was prepared as directed by the manufecturer or by customary 
procedure protocol. The nucleic acid sequences comprising the DMA or gene probes were 
amplified using known techniques fn polymerase chain reaction, then spotted onto glass 
slides, and processed according to conventional procedures. 

Preparation and Concentration of Target Nucleic 
Add Sequences Sample, or cDNA 

The target nucleic acid sequences, or cDNA was prepared Itom total RIMA or 
poly(A)-*-RNA extracted from a sample of cells. It is noted that for samples containing 
about 1 0 to 20 pg of total RNA or 500-1 000 ng of poIy(A)* RNA, ethanol precipitation is not 
required and may be skipped, because the cDNA is sufficiently concentrated to perform 
the microarray hybridization. In a microfuge tube, 0.25 to 5 pg of total RNA or 12.5 to 500 
ng of poly(Ar RNA was added with 3 pL of Cy3® or Cy5® RT primer (0.2 pmole) and 
RNase free water for a total volume of 10pL to yield a RNA-RT primer mixture. The 
resulting mixture was mixed and microfuged briefly to collect contents in the bottom of the 
mterofuge tube. The collected contents was then heated to SO^'C for about ten (10) 
minutes and immediately transferred to ice. In a separate microfuge tube on ice, 4 pL of 
5X RT buffer, 1 pL of dNTP mix, 4 pL RNase free water, and 1 pL of reverse transcriptase 
enzyme (200 Units) were combined to yield a reaction mixture. The reaction mixture was 
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gentiy mixed and microfuged brieflyto collect contents in the bottom of the microfuge tube. 
1 0 pL of the RNA-RT primer mixture and 1 0 |jL of the reaction mixture, was mixed briefly 
and incubated at 42°C for two hours. The reaction was temiinated by adding S.SjjL of 0.5 
M NaOH/50mM EDTA to the mixture. The mixture was incubated at 65X for ten (10) 
minutes to denature the DISIA/RNA hybrids and the reaction was neutralized with 5 mL of 
1 M Tris-HCI, pH 7.5. 38.5 |jL of 10 mM Tris, pH 8.0, 1 mM EDTA was then added to the 
neutralized reaction mixture. (The above steps may be repeated replacing the 3 pL of 
Cy3® RT primer (0.2 pmole) with 3 |jL of Cy5® RT primer (0.2 pmole) for preparing dual 
channel expression assays whereby the prepared Cy3<8> and Cy5® cDNA mixture are 
mixed together with 1 0 pL of 10 Tris, pH 8.0, 1 mlWI EDTA, to yield a reaction mixture for 
processing in the following steps.) 

2 pL of a carrier nucleic acid (lOmg/mL linear acrylamide) was added to the 
neutralized reaction mi}dure for ethanol precipitation. 175 pL of 3M ammonium acetate 
was added to the mixture and then mixed. Then. 625 pL of 100% ethanol was added to 
the resulting mixture. The resulting mixture was incubated at -20°C forthirty (30) minutes. 
The sample was centrifuged at an acceleration rate greater than 10,000 g for fifteen (15) 
minutes. The supernatant was aspirated and then 330 pL of 70 % ethanol was added to 
the supematent, or cDNA pellet. The cDNA pellet was then centrifuged at an acceleration 
rate greater than 10,000 g for 5 minutes, was then remove. The cDNA pellet was dried 
(i.e., 20-30 minutes at 66° Celsius), 
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Hybriclization of cPNA/Depdnrner Probg ^Aixt^re to fr/ljcro^rr^y 

The DNA hybridization buffer was thawed and resuspended by heating to GS'^C for 
ten (10) minutes. The hybridization buffer comprised of 40% formamide. The buffer was 
mixed by inversion to ensure that the components were resuspended evenly. The heating 
and mixing was repeated until all of the material was resuspended. A quantity of 
competitor DNA was added as required (e.g. CX)T-1-DNA, and polydA). The cDNA was 
resuspended In 5.0 yiL of sterile water. 

In a first embodiment, single channel analysis, 2.5 \iL of one type of 3DNA® reagent 
(Genisphere, Inc., Montvale, N J) (Cy3 or Cy5) was added to the resuspended oDNA along 
with 12.5 of a DNA hybridization buffer (containing 40% fonnamide). In an alternative 
embodiment for dual channel anal^is, 2.5 [iL of two types of 3DNA® reagents, Cy3 and 
Cy5 specifically labeled dendrimers, were added to the resuspended cDNA along with 10 
pi of a DNA hybridization buffer. In a further embodiment of multiple channel analysis (with 
three or more channels), 2.5 pL of three or more types of 3DNA® reagents. Cy3, Cy5, and 
one or more prepared using another label moiety, were added to the resuspended cDNA 
along with 10pL of a DNA hybridization buffer. 

For larger hybridization buffer volumes, additional DNA hybridization buffer may be 
added to the required final volume. It is noted that hybridization buffer volumes greater 
than 35 pL may also require additional 3DNA® reagents. 



27 



wo 01/66555 



PCTAJSOl/07477 



The DNA hybridization buffer mixture was Incubated at about 50°C for about 1 5 to 
20 minutes to allow for prehybridization of the cDNA to the 3DNA® reagents. The 
prehybridized mixture was then added to the microarray and then incubated ovemight at 
55°C. At this stage the cDNA was hybridized to the gene probes. 

PostHYt?ridizationWqsh 

The microarray was briefly washed to remove any excess dendrimer probes. First, 
the microanray was washed for 10 minutes at SS*' C with 2X SSC buffer, 0.2%SDS. Then 
the microanray was washed for 10 minutes at room temperature with 2X SSC buffer. 
Finally the microarray was washed for 10 minutes at room temperature with 0.2X SSC 
buffer. 

Signal Detection 

The microarray was then scanned as directed by the scanner's manufacturer for 
detecting, analyzing, and assaying the hybridization pattern. 

EXAMPLE 2 

With reference to Figure 3. a method for detection and assay on a microarray is 
described below. This method includes the use of a spin column assembly (e.g. of Figure 
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4 or Figure 5) for reducing protocol time and number of steps, and for Increasing signal 
strength. 

Microarrav Preparation 

A microanray was prepared as directed by the manufacturer or by customary 
protocol procedures. The nucleic acid sequences comprising the DNA or gene probes 
were amplified using known techniques In polymerase chain reaction, then spotted onto 
glass slides, and processed according to conventional procedures. 

Preparation and Concentration of Target Nucleic 
Add Sequences, or cDNA 

The target nucleic acid sequmces. or cDNA was prepared from total RNA or 
poly(A)+RNA extracted from a sample of cells. In a microfuge tube, 0.25 to 5 |jg of total 
RNA or 12.5 to 500 ng of poly(A)* RNA was added with 1 yL of Cy3® or Cy5® RT primer 
(5 pmole) and RNase free water for a total volume of lO^L to yield a RNA-RT primer 
mixture. The resulting mixture was mixed and microfuged briefly to collect contents in the 
bottom of the microfuge tube. The collected contents was then heated to SO'C for about 
ten (10) minutes and Immediately transfen^d to ice. In a separate microfuge tube on ice, 
.4 ML of 5X RT buffer, 1 [iL of dNTP mix, 4 jiL RNase free water, and 1 [iL reverse 
transcriptase enzyme (200 Units) were combined to yield a reaction mixture. The reaction 
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mixture was gently mixed and microfuged briefly to collect contents in the bottom of the 
microfuge tube. 10 jjL of the RNA-RT primer mixture and 10 |iL of the reaction mixture 
was mixed together and incubated at 42"'C for two hours. The reaction was tenninaled by 
adding 3.5[jL of 0.5 M NaOH/50mM EDTA. The mixture was incubated atGSXfbrten (10) 
minutes to denature the DNA/RNA hybrids. The reaction was neutralized by the addition 
of 5 of 1 M Tris-HCI, pH 7.5 to the mixture. 71 \iL of 10 mM Tris, pH 8.0, 1 mM EDTA 
was added to the neutralized reaction mixture. (The above steps may be repeated 
replacing the 1 pL of Cy3® RT primer (5 pmole) with 1 |jL of Cy5® RT primer (5 pmole) for 
preparing dual channel expression assays whereby the prepared Cy3® and CyS® cDNA 
mixture are mixed together with 42 mL of 10 mM Tris. pH 8.0. 1 mM EDTA, to yield a 
reaction mixture for processing in the following steps.) 



cDNA Purification: Removal of Excess RT Primer 
via a SC Spin Column Assembly 



With reference to the spin column of Figure 4, the spin column was inverted several 
times to resuspend the media and to create an even siuny In the column. The top and 
bottom caps were removed from the spin column. A microfuge tube was obtained and the 
bottom tip of the microfuge tube, was snipped off or punctured. One end of the spin 
column was placed Into the punctured microfuge tube, then the punctured microfuge tube 
was placed into a second, intact microfuge tube, or collection tube. The assembled spin 
column }Nas then placed into a 1 5 mL centrifuge tube with the microfuge tube end first as 
shown In Figure4. The spin column was.centrifuged at about 1000 g for about 3.5 minutes 
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after reaching ftjil acceleration. The spin column was checked to ensure that the column 
was fully drained after centrifugation and that the end of the spin column was above the 
liquid line in the collection tube. The collection tube contained about 2 to 2.5 mL of clear 
buffer voided from the spin column. The resin appeared nearly dry in the column banel, 
and well packed without distortions or cracks. If the end of the spin column had been 
immersed in the liquid portion, the spin column would have been discarded and the above 
steps repeated with a fresh spin column. The spin column was at that point, prepared to 
remove the excess RT primer in the neutralized reaction mixture. 

The drained spin column v\^s removed and a new 1 .0 mL collection tube was placed 
on top of the buffer collection tubes already in the 15 mL centrifuge tube. The voided 
buffer was discarded. The drained spin column was placed into the new collection tube. 
1 00 |jL of the neutralized reaction mixture containing the cDNA was loaded directly into the 
center of the spin column media. The spin column assembly was centrifuged at 1 0,000x 
g for about 2.5 minutes upon reaching full acceleration. The eluate collected in the new 
collection tube was then recovered. The original volume +/- 10 percent was recovered. 
The eluate comprised the cDNA probe. 

Alternatively, using the spin column of Figure 5, the spin column was inverted 
several times to resuspend the media and to create an even slurry in the column. The top 
and bottom caps were removed from the spin column. The spin column was then placed 
into a 15 mL centrifuge tube as shown in Figure 5. The spin column was centrifuged at 
about 1000 g for about 3.5 minutes after reaching full acceleration. The spin column was 
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checked to ensure that the column was fully drained after centrifugation and that the end 
of the spin column was above the liquid line in the collection tube. The collection tube 
contained about 2 to 2.5 mL of clear buffer voided from the spin column. The resin 
appeared nearly dry in the column barrel, and well packed without distortions or cracte. 
If the end of the spin column had been immersed in the liquid portion, the spin column 
would have been discarded and the above steps repeated with a fresh spin column. The 
spin column was at that point, prepared to remove the excess RT primer In the neutrali2^ 
reaction mixture. 

The drained spin column was removed and the clear buffer was emptied. A new 
1.0 mL collection tube was placed in the bottom of the 15 mL centrifuge tube. 100 pL of 
the neutralized reaction mixture containing the cDNA was loaded directly into the center 
of the spin column media. The spin column assembly was cenfrifuged at 1 0.OOOx g for 
about 2.5 minutes upon reaching full acceleration. The eluate collected in the new 
collection tube was then recovered. The original volume +/- 1 0 percent was recovered. 
The eluate comprised the cDNA probe. 

2pL of a earner nucleic acid (lOmg/mL linear acrylamide) was added to the eluate 
for ethanol precipitation. 250 pL of 3M ammonium acetate was added to the mixture and 
mix. Then. 875 pL of 100% ethanol was added to tiie mixture. The resulting mixture was 
incubated at -20''C for tiiirty (30) minutes. The sample was certrifuged at an acceleration 
rate greater ttian 1 0.OOOx g for fifteen (1 5) minutes. The supernatant was aspirated and 
300 ML of 70 % ethanol was added to the supernatant, or the cDNA pellet The cDNA 
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pellet was then centrifuged at an acceleration rat© greater than lO.OOOx g for 5 minutes. 
The supernatant was then removed. The cONA pellet was dried (i.e. 20-30 minutes at 65" 
Celsius). 

Hybridization of cDNA/Dendrimer Probe Mixture to Microanay 

The DMA hybridization buffer was thawed and resuspended by heating to 65°C and 
maintained at 65°C for ten (10) minutes. The hybridization buffer comprised of 40% 
fonnamlde. The buffer was mixed by inversion to ensure that the components were 
resuspended evenly. The heating and mixing was repeated until all the material was 
resuspended. Aquantity of competitor DNA (e.g. COT-1-DNA, and polydA) may be added, 
if required. The cDNA was resuspended in 5.0 pL of sterile water. 

In a first embodiment, single channel ana^is, 2.5 pL of one type of 3DNA® reagent 
(Genisphere, Inc., Montvale, NJ) (Cy3 orCyS) was added to the resuspended cDNA along 
with 12.5 pL of a DNA hybridization buffer (containing 40% formamide). In an alternative 
embodiment, for dual channel anal^is, 2.5 pL of two types of 3DNA® reagents, Cy3 and 
Cy5 specifically labeled dendrimers, were added to the resuspended cDNA along with 10 
Ml of a DNA hybridization buffer. In afurther embodiment of multiple channel analysis (with 
three or more channels). 2.5 pL of three or more types of 3DNA® reagents, Cy3, Cy5, and 
one or more prepared using another label moiety and a unique capture sequence, were 
added to the resuspended cDNA atong with 1 0pL of a DNA hybridization buffer. 
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For larger hybridization buffer volumes, additional amounts of tlie DNA hybridization 
buffer may be added to reach the required final volume, it is also noted that h^ridization 
buffer volumes greater than 35 mL may also require additional 3DNA(S> reagents. The DNA 
hybridization buffer mixture was incubated at a temperature of about SOX for about 15 to 
20 minutes to allow for the prehybridlzation of the cONA to the SDNAiS) reagents or 
dendrimer probes. At this stage, the dendrimer probes of the 3DNA® reagent hybridized 
with the capture sequence on the cDNA. After 20 minutes, the DNA hybridization bufter 
was then added to the microarray. The microanay and the DNA hybildizatton buffer were 
covered and incubated ovemight in a humidified chamber at a temperature of about 55°C. 
At this stage, the cDNA was hybridized to the gene prebes. 

Post Hybridization Wash 

The microanray was briefly washed to remove any excess dendrimer probes. First, 
the microarray was washed for 10 minutes at SS'C with 2X SSC buffer, containing 
0.2%SDS. Then, the microanay was washed for 10 minutes at room temperature with 2X 
SSC buffer. Finally, the microarray was washed for 1 0 minutes at room temperature with 
0.2X SSC buffer. 

Signal Detection 

The microarray was then scanned as directed by the scanner's manufacturer for 
detecting, analyzing, and assa^ng the hybridization pattern. 
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EXAMPLE 3 

An Alternative Method for Detection and Assay on a Microarrav 

Microarrav Preparation 

A microarray was prepared as directed by the manufacturer or by customary 
protocol procedures. The nucleic acid sequences comprising the DNA or gene probes 
were amplrfted using known techniques in polymerase chain reaction, then spotted onto 
glass slides, and processed according to conventional procedures. 

Preparation and Concentration of Target Nucleic 
Acid Sequences, or cDNA 

The target nucleic acid sequences, or cDNA was prepared from total RNA or 
poly(A)+RNA extracted from a sample of cells. In a microfuge tube, 0.25 to 10 pg of 
total RNA or 250 to 500 ng of poly(A)* RNA was added with 1 pL of Cy3® or CyS® RT 
primer (5 pmole) and RNase free water for a total volume of lOpL to yield a RNA-RT 
primer mixture. The resulting mixture was mixed and microfuged briefly to collect 
contents In the bottom of the microfuge tube. The collected contents was then heated 
to SO^'C for about ten (10) minutes and immediately transfenred to ice. In a separate 
microftjge tube on ice, 4 pL of 6X RT buffer, 1 pL of dNTP mix, 4 pL RNase free water, 
and 1 pL reverse transcriptase enzyme (200 Units) were combined to yield a reaction 
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mixture. The reaction mixture was gently mixed and microfuged briefly to collect 
contents in the bottom of the micixjfuge tube. 10 (jL of the RNA-RT primer mixture and 
1 0 pL of the reaction mixture was mixed together and incubated at 42°C for two hours. 
The reaction was terminated by adding 3.6mL of 0.6 M NaOH/SOmlW EDTA. The 
mixture was incubated at GSX for ten (10) minutes to denature the DIMA/RNA hybrids. 
The reaction was neutralized by the addition of 5 nL of 1IVI Tris-HCI, pH 7.5 to the 
mixture. 71 of 10 mM Tris, pH 8.0, 1 mM EDTA was added to the neutralized 
reaction mixture. 

cDNA Purification: Removal of Excess RT Primer 
via a SC Spin Column Assembly 

With reference to the spin column of Figure 4, the spin column was inverted 
several times to resuspend the media and to create an even slurry in the column. The 
top and bottom caps were removed from the spin column. A microfuge tube was 
obtained and the bottom tip of the microfuge tube, was snipped off or punctured. One 
end of the spin column vaas placed into the punctured microfuge tube, then the 
punctured microfuge tube'was placed into a second, intact microfuge tube, or collection 
tube. The assembled spin column was then placed into a 15 mL centriftjge tube with 
the microfuge tube end first as shown in Figure 4. The spin column was oentrffuged at 
about 1000 g for about 3.5 minutps after reaching full acceleration. The spin column 
was checked to ensure that the column was fully drained after centrifugation and that 
the end of the spin column was above the liquid line In the collection tube. The 
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collection tube contained about 2 to 2.5 mL of clear buffer voided from the spin column. 
The resin appeared nearly dry in the column barrel, and well packed without distortions 
or cracks. If the end of the spin column had been immersed in the liquid portion, the 
spin column would have been discarded and the above steps repeated with a fresh spin 
column. The spin column was at that point, prepared to remove the ^oess RT primer 
in the neutralized reaction mixture. 

The drained spin column was removed and a new 1.0 mL collection tube was 
placed on top of the buffer collection tubes already in the 15 mL centrifuge tube. The 
voided buffer was discarded. The drained spin column was placed into the new 
collection tube. 1 00 [it of the neutralized reaction mixture containing the cDNA was 
loaded directly into the center of the spin column media. The spin column assembly 
was centrifuged at lO.OOQx g for about 2.5 minutes upon reaching full acceleration. 
The eluate collected in the new collection tube was then recovered. The original 
volume +/- 10 percent was recovered. The eluate comprised the cONA probe. 

Mernatively, using the spin column of Figure 5. the spin column was inverted 
several times to resuspend the media and to create an even slunry In the column. The 
top and bottom caps were removed from the spin column. The spin column was then 
placed into a 15 mL centrifuge tube as shown in Figure 5. The spin column was 
centrifuged at about 1000 g for about 3.5 minutes after reaching liili acceleration. The 
spin column was checked to ensure that the column was fully drained after 
oentrifugatlbn and that the end of the spin column was above the ilqukJ line in the 
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collection tube. The collection tube contained about 2 to 2.5 mL of dear buffer voided 
from the spin column. The resin appeared nearly dry in the column banBl. and well 
packed without distortions or cracks. If the end of the spin column had been immet^ed 
in the liquid portion, the spin column would have been discarded and the above steps 
repeated with a fresh spin column. The spin column was at that point, prepared to 
remove the excess RT primer in the neutralized reaction mijcture. 

The drained spin column was removed and the clear bufler was emptied. A new 
1 .0 mL collection tube was placed in the bottom of the 15 mL centrifuge tube. 100 [iL 
of the neutralised reaction mixture containing the cDNA was loaded directly into the 
center of the spin column media. The spin column assembly was centrifuged at 
i O.OOOx g for about 2.5 minutes upon reaching full acceleratfon. The eluate collected in 
the new collection tube was then recovered. The original volume -*■/- 10 percent was 
recovered. The eluate comprised the cONA probe. 



Hybridization of cDNA/Dend rimer Probe Mixture to Microarrav 

The DMA hybridization buffer was thawed and resuspended by heating to 65''C 
and maintained at 65*C for ten (10) minutes. The hybridization buffer comprised of 
40% fomiamide. The buffer was mixed by inversion to ensure that the components 
were resuspended evenly. The heating and mixing was repeated until all the material 
was resuspended. A quantity of competitor DMA (e.g. COT-1-DNA. and polydA) may 
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be added, if required. 5.0 to 10 \iL of the eluted cDNA probe was used for 
hybridization. In a first embodiment, single channel analysis, 2.5 of one type of 
3DNA® reagent (Genisphere, Inc., Montvale, NJ) (Cy3 or Cy5) was added to the 
resuspended cONA along with 12.5 yL of a DMA hybridization buffer (containing 40% 
fomiamide). In an alternative embodiment, for dual channel analysis, 2.5 |jL of two 
types of 3DNA® reagentSi Cy3 and Cy5 specifically labeled dendrimers, were added to 
the resuspended cDNA along with 10 |jl of a DNA hybridization buflier. In a Itirther 
embodiment of multiple channel analysis (with three or more channels), 2.5 of three 
or more types of 3DNA® reagents, Cy3, Cy5, and one or more prepared using another 
label moiety, were added to the resuspended cDNA along with lOpL of a DNA 
hybridization buffer. 

For larger hybridization buffer volumes, additional amounte of the DNA 
hybridization buffer may be added to reach the required final volume. It is also noted 
that hybridization buffer volumes greater than 35 |jL may also require additional 3DNA® 
reagents. The DNA hybridization buffer mixture was incubated at a temperature of 
about 50X for about 1 5 to 20 minutes to allow for the prehybridization of the cDNA to 
the 3DNA® reagents or dendrimer probes. At this stage, the dendrimer probes of the 
3DNA® reagent hybridized with the capture sequence on the cDNA. After 20 minutes, 
the DNA hybridization buffer was tiien added to the microanray. The microannay and the 
DNA hybridization buffer were covered and incubated ovemight in a humidified 
chamber at a temperature of about 55^*0. At tills stage, the cDNA was hybridized to ttie 
gene probes. 
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Post Hybridization Wash 

The microarray was briefly washed to remove any excess dendrimer probes. 
First, the microan^y was washed for 10 minutes at 55° C with 2X SSC buffer, 
containing 0.2%SDS. Then, the microarray was vy^shed for 10 minutes at room 
temperature with 2X SSC buffer. Finally, the microarray was washed for 1 0 minutes at 
room temperature with 0.2X SSC buffer. 

Signal Detection 

The microarray was then scanned as directed by the scanner's manufacturer for 
detecting, analyzing, and assaying the hybridization pattem. 

EXAiVIPI.E4 

l^ethod for Detection and Assay on a Microarray Using 
A Detection Kit for cDNA Amays 

KitCQptents: 

Vial 1 Cy3<S> 3DNA€> Reagent (Genisphere, l\/lontvale, NJ). Use at 2.5 pL 
per 20 pL assay. 

Vial 2 Hybridization buffer- 0.25 M NaP04. 4.5% SDS, 1 mM EDTA, and 
1X SSC. (Stored at -20"C in the dari<.) 
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Microarray preparation 

A microarray was prepared as directed by the manufacturer or by customary 
protocol procedures. TTie nucleic add sequences comprising the DMA or gene probes 
were amplified using known techniques in polymerase chain reaction, then spotted onto 
glass slides, and processed acxxDnding to conventional procedures. 

3DNA® Hybridization 

The hybridization buffer of Vial 2 was thawed and resuspended by heating to 
es^'C for 10 minutes. The buffer was mixed by inversion to ensure that the components 
are resuspended evenly. If necessary the heating and mbcing was repeated until all tiie 
components have resuspended. 2.5 pL of 3DNA® reagent of Vial 1 was added to 17,5 
pL of hybridization buffer to yield a hybridization mixture. The hybridization mixture was 
added to the microanray. The microarray was covered and incubated at a temperature 
of from about 37 to 42°C for about 6 hours to overnight in a humidified chamber. 

Post-Hvbridization Wash 

The microarray was washed for 10 minutes at 42X witti 2X SSC buffer 
containing 0.2% SDS. The microarray was then washed for 10 minutes at room 
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temperature with 2X SSC buffer. The microarray was then washed for 10 minutes at 
room temperature with 0.2X SSC buffer. 

Signal PelQction 

The microarray was then scanned as directed by the scanner's manufacturer for 
detecting, analyzing, and assaying the hybridization pattern. 
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Claims 



Wh^ is Claimed iy 



1 . A method for detection and assay on a microaniay, said method 
comprising the steps of: 

1) contacting a microarray having thereon a plurality of features each 
containing a first particular first nucleotide sequence with a mixture containing: 

a) a first component comprising a cDNA reagent obtained from mRNA of 
a target sample, said cDNA having a capture sequence; and 

b) a second component comprising a dendrimer having at least one first 
ami containing a label capable of emitting a detectable signal and at least one 
second ami having a second nucleotide sequence complementary to the capture 
sequence; 

2) mbdng the first and second components at a temperature and for a time 
sufficient to enable the first component to bind to the second component, and 

3} incubating this mixture with said microarray to Enable the first nucleotide 
sequence to bind to the first component, wherein such binding results in the feature 
emitting the detectable signal 



2. The method of claim 1 further comprising the step of forming the first 
component comprising the cDNA reagent by contacting the target sample mRNA with a 
quantity of a RT primer having the capture sequence, a reverse transcriptase, and 
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nucleotide under conditions sufficient for Initiating reverse transcription of said mRNA 
into the cDNA reagent. 

3. The method of claim 2 further comprising the step of purging excess 
unhybridized RT primer from said first component prior to inculcation of said mixture. 

4. The method of claim 3 wherein the puiiging step further comprises the 
step of passing the first component through a spin column media. 

5. The method of claim 1 wherein the temperature sufficient to enable the 
second component to bind to the first component is from about 50 to 55°C. 

6. The method of daim 1 wherein the temperature sufficient to enable the 
first component to bind to the first nucleotide sequence is from 42 to 65°C. 

7. The method of claim 1 wherein the temperature sufficient to enable the 
first component to bind to the first nucleotide sequence is from about 4 to greater than 
72 hours. 

8. The method of claim 1 wherein the time sufficient to enable the second 
component to bind to the first component is from about 0,25 to 1 hour. 
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9. The method of claim 9 wherein the microarray and the mixture are 
incubated overnight at the temperature from about 42 to 65*^0 in a humidified chamber. 

10. The method of claim 1, further comprising scanning the microanray for 
detecfing the detectable signal and the hybridization pattern generated. 

1 1 * The method of daim 1 , further comprising washing the microan^y to 
purge dendrimers unattached to microarray after the incubation of the microarray and 
the mixture. 

12. The method of claim 1 1 , wherein the washing step furtiier comprises: 
washing the miaoanray with 2X SSC buffer containing 0.2% SDS at SS'^C 

for about 10 minutes; 

washing the microarray with 2X SSC buffer at about room temperature for 
about 10 minutes; and 

washing the microarray with 0.2X SSC buffer at about room temperature 
forabout 10 minutes. 

13. The method of claim 1 , wherein the mixture further comprising a 
hybridization buffer. 

14. The method of claim 13, wherein the hybridization buffer further 
comprising 0.25 M NaP04, 4.5% SDS, 1 mM EDTA, and IX SSC. 
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1 5. The method of claim 1 3 wherein the hybridization buffer further 
comprising 40% fonnamlde, 4X SSC, and 1% SDS. 

16. The method of claim 3 wherein the purging step further comprises the use 
of a hybridisition chamber. 

1 7. The method of claim 3 wherein the purging step further comprises the use 
of a hybridization station. 

18. A method for detection and assay on a microarray, said method 
comprising the steps of: 

1} incubating a mixture including: 

0 a first component comprising a cDNA reagent obtained from mRNA 
of a target sample, said cDNA having a capture sequence; and 

fO a second component comprising a dendrimer having at least one 
first ann containing a label capable of emitting a detectable signal and at least 
one second arm having a second nucleotide sequence complementary to the 
capture sequence, 

at a first temperature and for a time sufficient to induce the first component to bind to 
the second component and fomi a prehybridized cDNA-dendrimer complex; 

2) contacting a microarray having thereon a plurality of features each 
containing a particular first nucleotide sequence with said mixture; and 
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3) incubating tlie microarray and tlie preiiybridized cDNA-dendrimer complex 
ait a second temperature and for a time sufficient to induce the pr^ybridized cDNA- 
dendrimer complex to bind to the first nucleotide sequence, wherein such binding 
results in Vns feature emitting the detectable signal whereby a hybridization pattern is 
generated on the microarray. 

1 9. The method of Claim 1 8, wherein said cDNA is obtained using a spin 
column. 

• . ( 
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